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Abstract— On the eve of 5G network deployment worldwide, a 
new boom in the mass digitization of our personal and 
professional lifestyles is looming. 5G marks a strong shift in the 
way in which connectivity will impact our societies and 
industries. This shift is taking place through a combination of 
technologies that have progressed business-as-usual with 
technical improvements. The future of 5G, already called 6G, 
currently belongs to the world of research, which must imagine 
the future development of mobile digital services in 10 years. In 
this ever more connected world, ownership of data and 
protection, control of ecological impact, both energetic and 
electromagnetic, in addition to guarantee an available, flexible 
network will be essential factors in the success of 6G. This new 
generation of networks brings along great challenges in terms of 
modularity, cost effectiveness and power efficiency. We present 
here a novel disruptive deployment strategy using cost-efficient 
modules along with aggregated connectivity meeting these 
requirements. 
 
Index Terms— Module, 6G, VRAN, Connector 
 
I. INTRODUCTION 
HIS document is an open concept presentation of a 
Massive Modular Paradigm (MMP) paving the way for 
future pervasive network towards fully virtualized, dedicated 
to the next generation of telecommunication 
infrastructures.  As leader in the design, development and 
manufacturing of innovative interconnection solutions, Radiall 
is an enabler for connectivity technologies and forward-
compatible solutions for new architecture. From our point of 
view, subsystems for 6G platforms would require disruptive 
innovation in interconnect and microwave-to-millimeter wave 
(mmW) component solutions up to the THz spectrum in order 
to reach the new subsystems architecture integration 
challenge. Radiall and CEA-Leti have created a common 
laboratory on RF and Photonic topics, targeting ‘5G & 6G’ 
development [1], working on Hardware ‘disruptive’ 
technologies for 5G and beyond. On the telecommunication 
market, Radiall is developing high-end cost-efficient solutions 
based on coaxial and optical connectivity for outside and 
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inside Remote Radio Head (RRH). Radiall teams have 
extended out horizon working on telecom infrastructures, 
mmW antennas for X-Haul and access, tunable and 
reconfigurable filters and antennas. 
 
As there are some better insights on radio technology system 
definition and identified technology components for an overall 
6G-system architecture, we would like to share our 6G vision 
compatible with ubiquitous modularity for future mobile 
networks. The vision depicted in this paper is based on cost 
efficient modules along with aggregated connectivity. The 
paper is organized as follow. In section II, a vision for 6G is 
proposed and discussed. Section III gives a description of key 
technologies and more precisely how cost efficient modules 
will be at the heart of 6G. Section IV highlights the aggregated 
connectivity framework. Last, section V concludes this paper. 
II. PROPOSED 6G VISION 
Many efforts have been deployed to change the cellular 
industry paradigm to design a new 5G network enabling new 
services that go beyond the generalization of access to 
broadband internet access everywhere. 5G New Radio (NR) 
paves the way of new applications with heterogeneous 
requirements, throughput, latency, connection density, 
reliability or lifetime… and with the ambition to target vertical 
markets. In addition, new frequency bands are being 
considered in order to support the traffic growth, with the 
major breakthrough which will consist in network 
virtualization. Many experts mention that the next big step for 
cellular networks lies in their cloudification that will support 
the explosion of radically new services, rather than 5G. 
In our shared vision, the next generation of wireless systems 
will transform the 5G service-oriented networks into user-
centric and machine ad-hoc dynamic (re)configuration of 
network slices. This will be made possible by software-
defined end-to-end solutions from the core to the radio access 
network (RAN), including the air interface [2] as well as the 
RF and antenna systems [3]. These latter are envisioned as key 
technologies to meet the user/service requirements. 
The demand for reliable wireless connectivity providing 
100% availability will be a holy grail for the industry and the 
attractiveness of a given geography. Despite the effort made 
by the 5G standardization body, we believe that the basic 
concept of cellular connectivity should be revisited to satisfy 
this reliability constraint. On the end-point mobile side, the 
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multi-connectivity scheme (frequency, time and space) is a 
way to increase the reliability of a wireless transmission with 
still many challenges to solve. From the infrastructure side, the 
migration to a mesh network system ensures the reliability of 
the infrastructure. The first consequence is the need of 
extreme xHaul capabilities (bandwidth, latency requirement). 
This requirement makes fiber solutions desirable, but 
sometimes complicated by local installation constraints to 
efficiently deploy networks and enable penetration. The 
wireless infrastructure is foreseen as a complement to the 
optical fiber deployment as it offers more agility, shorter 
installation times, and in the case of a mesh architecture strong 
reliability. It may also provide connectivity to mobile, 
removable or even flying access points. Last but not least, 
these solutions will be valuable if and only if their cost 
efficiency is demonstrated.  
From a technological perspective, this paradigm will require 
wireless mmW links in V-, E-, W-, D-bands namely 60 GHz 
to 81 GHz, 90 GHz and 140 GHz. Moreover, configurable 
antenna enabling alignment capabilities, will be needed and 
will be empowered by antenna-RF co-integration as well the 
introduction of digital and software processing as close as 
possible to the radiating element [3]. At the edge of the 
network, the design of cost- and power-efficient RRH is of 
particular interest. 5G has introduced new paradigm with the 
use of large collocated antenna panels (typically 64 TRX), 
which are currently deployed and still facing some challenges 
on optimization and reliability. Indeed, the massive MIMO 
concept proves itself to be both complex and expensive while 
being particularly power-intensive: such a sub-optimized 
hybrid approach would be intolerable from the perspective of 
both cost- and power-efficiency. These elements should not to 
be underestimated on a competitive market and growing 
‘greener’ consciousness. Besides mobile subscribers would 
accept to increase their fees paid to operators to absorb huge 
‘Massive MIMO’ capital expenditure (CAPEX).  
The rise in data throughput is greatly alleviated by using 
many antennas and/or many transmitters or local small-cells 
[4]. This is clearly a data capacity booster. The first approach 
prevails for small-cell multiplication while the second 
approach militates for Massive MIMO architecture. The price 
to pay in terms of complexity, data processing or power 
consumption can be variable and sometimes too high. Small-
cell multiplication and Massive MIMO are often presented as 
competitive approach for future infrastructures deployment 
[5]. 
OEMs or operators may seek alternative or complementary 
approach to the Massive MIMO paradigm. The latter can 
prove itself to be suboptimal in terms of coverage and energy 
efficiency and often comes at the cost of increased complexity 
of electronic systems. It would be better to have a modular 
approach and aggregate 6G modules in an appropriate and 
optimized manner; according to use cases (data throughput vs 
number of users) different scenario or geographic situations 
(urban canyon, dense area, open fields), rather than 
'collocating everything' in one specific place. 
The next generation of wireless system could move to large 
collocated antenna array through network virtualization also 
referred to Distributed, Cooperative and Cell Free MIMO [5] 
anticipating highly modular for full Virtual Radio Access 
Network (VRAN). This paradigm fits well with the proposed 
vision for the next generation of mobile network: the design of 
a dense network to support the massive deployment of cost 
and energy-efficient RRH virtually building large antenna 
array. Despite the increase of coverage, this paradigm could 
decrease the electromagnetic field (EMF) and allow global 
optimization of power consumption. On the one hand, Figure 
1 depicts the traditional architecture of communication 
networks based on a cells distribution principle. The main 
issue of such architectures is the limited Quality-of-Service 
(QoS) at the cell edge as well as the need of a large antenna 
panel located at the center of cell. On the other hand, Figure 2 
illustrates the envisioned 6G architecture with (i) a micro-cell 
with few antennas virtually creating a large antenna and (ii) 
high bandwidth xHaul connections to ensure seamless 
connectivity between micro-cells. The day-to-day efforts in 
the development of the Open RAN (Open Radio Access 
Network) [6] defining standardized interfaces and split, will 
make distributed and software defined MIMO processing 
powerful. Moreover such architecture would give the operator 
a wide range of possibilities in the choice of equipment and 
would enable the emergence of a multivendor solutions 
ecosystem compatible with various requirements. 
To summarize, the vision, it is envisaged extreme 
densification of the network infrastructure which will 
cooperate to form a cell-free network with seamless QoS over 
the coverage area fed by a high-capacity mesh xHaul link, 
based on fiber and mmW connectivity with software 
reconfiguration ability (including dynamic beam-steering). 
 
Fig. 1. 5G paradigm with large panel antenna and cell  
 
  
Fig. 2. Beyond 5G paradigm with multi-connectivity, mesh 
architecture and a large number of a “few antennas” micro-cell.    
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III. COST EFFICIENT MODULES AS ENABLERS 
Our 6G vision anticipates high modularity for full VRAN. It 
would use many cost-efficient transceiver modules. These 6G 
modules would have their operating power consumption 
downed to the watt-level or less, opening up many 
possibilities as for manufacturing techniques of transceiver 
components and integrated systems. High power filters 
conventionally used in 4G/5G base station use bulky, 
heavy cavity filter technologies; however downscaling power 
per RF line let us envision other techniques such as ceramic 
filter or even SAW/BAW filters. Many are commercial off-
the-shelf (COTS) or dedicated microelectronics IPs that are 
already massively used in current mobile User Equipment 
(UE) such as smartphone produced today by billions of 
units. These building blocks, namely cost efficient TRX 
modules, could consequently be derived from current 
technologies used for sub-6GHz spectrum and be deployed on 
the network side as depicted in Fig 3.   
Fig. 3.  Cost Efficient modules could re-use or derived from mass 
produced smartphones components 
From our perspective, the 6G key hardware enabling 
technologies are:  
• Air interface towards mmW and up to Terahertz 
• Full-Duplex HW/SW implementation  
• Antenna & filters flexibility / reconfiguration 
• Antenna RF microwave and optical convergence  
The target in order to reach ultimate VRAN would then rely 
on reconfigurability at different levels on a broad range of 
frequencies towards mmW and THz.  Full-Duplex HW 
implementation into the module would double data throughput 
capacity; and recent research showed that integrating solid 
state circulator [7] could be a solid option as opposed to 
classic bulky heavy magnetic architecture.  
Antenna beam-switching, -steering or -forming but also 
filter tunability will be decisive for beyond 5G waveforms and 
architectures. In order to reach 6G objectives [4] [8] [9] the 
cost-efficient modules could be “ranged’. One way forward 
could be to scale power (10mW to 10s of W) or use directive 
antenna-array for specific use case scenario (e.g. urban 
canyon, streets or indoor corridor). Analog phase-shifting 
should be considered too. Compact space MIMO diversity 
antenna using switched parasitic concept such as presented in 
[10] could be envisaged to enhance spatial diversity and be a 
great benefit for VRAN deployment.  All this tunability could 
be implemented in standard technologies or more 
advanced ones like RF MEMS or Phase-Change Materials 
(PCM) [11], which now show acceptable packaging and 
industrial yield after three decades of R&D. 
Finally one should consider microwave and optical 
convergence as an opportunity to bring fiber-to-the 6G module 
using RF-over-Fiber or more classic data over fiber to link 
modules at optical frequencies with different support (glass or 
plastic or dielectric waveguide) with much lower loss than 
electrical coaxial and consequently greater range to haul data 
back and forth. 
 
Fig. 4.  Ranging Cost efficient Module for 6G 
IV. AGGREGATED CONNECTIVITY TOWARDS 6G  
 
As discussed previously, our vision would use many cost-
efficient TRX modules to set a highly modular dense mesh 
network bringing pervasiveness and reconfigurability for 
VRAN. All these 6G building blocks could share data using a 
cluster approach in order to collaborate in a VRAN 
paradigm, i.e. cell-free MIMO approach. Combining AdHoc 
mode should be considered via a ‘master relay’ to reach 
transport/backhaul layers.  
In most cases, however, our approach would require an 
aggregation connector, which would locally gather data from 
a cluster in any topology (inline or stars). This new wired 
connectivity approach is a clear requirement in order to 
address the aforementioned challenges and paves the way for 
ubiquitous QoS of high mobility devices with energy and cost 
efficiency. This mesh architecture deployment would be 
enabled by these new connecting interfaces such as an Optical 
and/or RF Aggregation Connector for Leading Edge Telecom 
infrastructures (ORACLE). This latter would cover low 
frequency to optical along with RF microwave and mmW 
frequencies.  
The physical links from aggregation connector to module or 
networks could use different media from copper to optical 
through mmW or even using plastic waveguide [12]. The 
‘Hybrid’ approach in-between fully-analog and fully-digital 
could and should be chosen thoughtfully. 
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Another aspect would be the functionalization of connectors 
(SerDes, filters, metering, pre-processing…) which could 
bring pervasive and distributed computing/controlling to the 
6G network; and updated though artificial intelligence. 
 
Fig. 5.  ORACLE connector as enabler aggregating 6G Module 
Aggregation for ubiquitous VRAN deployment 
RF-over-Fiber should be considered for transport, with 
different variant from DWDM (Dense Wavelength Division 
Multiplexing), analog Radio-over-Fiber (ARoF), eCPRI 
(enhanced Common Public Radio Interface) which results 
from a high-resolution digitization of the radio signals notably 
involving high bit-rates and time-sensitive signals. 
Moreover, the wireless infrastructure is seen as a promising 
complement to the optical fiber deployment as it offers more 
agility and shorter installation times. This aggregation point, 
namely a Point-of-Connection (PoC) would then need to 
“haul” a certain amount of data (depending of scattering and 
segregation).  A wireless solution could be to use a pencil 
beam mmW antenna such as Radiall V-band or E-band 
backhauling antenna solution [13] or even near-THz band [14] 
to address the integrated access and backhauling (IAB). 
Additionally it would be useful to implement our auto-
pointing innovating mechanism [15] both for low speed install 
procedure and fast response for mast swing and vibration 
compensation in windy conditions.  
Hardware Key Enabling Technologies will be tunable, ranged 
and collaborative cost-efficient modules for a 6G VRAN. We 
believe the “aggregated connectivity”, based on wired and 
wireless links on a broad range of frequencies and 
topologies, will be the backbone of a successful 6G 
deployment. 
V. CONCLUSION 
Our novel disruptive deployment strategy focuses on using 
cost-efficient modules along with aggregated connectivity that 
target 6G data throughput and capacity requirement. From our 
perspective it would be a great benefit to operators and users. 
Cost effectiveness will be met through integration and volume. 
Indeed, cost efficiency would be derived from mass-market of 
sub-6GHz devices (already mainly COTS) and later toward 
mmW such as 5G-FR2 and near-THz. Our shared vision 
provides a great perspective for ubiquitous modularity and 
pervasive networks which are clear and challenging objectives 
of 6G roadmaps. 
Authors propose a vision and are grateful for open 
discussions. 
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